TITLE OF THE INVENTION 
YOKE-AND-SHAFT COUPLING STRUCTURE 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a structure of a yoke and a 
shaft, in which a shaft is coupled to a yoke applicable to a universal 
joint, and more specifically to a coupling structure wherein 
positioning of a shaft is performed properly when inserting the shaft 
into a yoke so as to couple the shaft to the yoke. 

2. Description of Related Art 

Conventionally, a universal joint is used as shaft coupling 
means in parts of a vehicle steering apparatus where it is required to 
couple shafts with bend freedom, e.g., as means for coupling a pinion 
shaft to an intermediate shaft. In order to apply such a universal 
joint, an end portion of a shaft is coupled to a yoke which constitutes 
a part of the universal joint. 

FIG. 1A shows a conventional coupling structure of a yoke 1 
and a pinion shaft 2. The yoke 1 has a fork portion If formed 
continuously with a U-shaped shaft coupling portion la. Two 
opposing wall portions lb and lc of the shaft coupling portion la are 
respectively provided with a through hole Id and a screw hole le. 
The pinion shaft 2 has at an end portion thereof a bolt-width portion 
2a having side faces 2b formed in parallel, and a top face 2c is 



2 



provided with a semicircular depressed portion 2d formed to be used 
for fixing the coupling. It should be noted that the depressed 
portion 2d is formed at such a position that the center of the 
depressed portion 2d accords with that of the through hole Id and 
5 that of the screw hole le when the bolt- width portion 2a of the pinion 
shaft 2 is arranged at a set position in the axial direction of the shaft 
coupling portion la. 

The yoke 1 and the pinion shaft 2 are coupled to each other to 
form the coupling structure shown in FIG. IB in which a bolt B is 

10 engaged with the depressed portion 2d of the pinion shaft 2, by 

inserting the pinion shaft 2 into the shaft coupling portion la of the 
yoke 1 through an opening portion lg at the upper portion, inserting 
the bolt B into the through hole Id of the yoke 1 and tightening the 
bolt B at the screw hole le. 

15 It should be noted that whether the pinion shaft 2 has been 

arranged at a set position or not is judged on the basis of whether 
the bolt B can be inserted or not, since when the inserted pinion 
shaft 2 is not arranged at a set position with respect to the shaft 
coupling portion la, the positions of the depressed portion 2d and 

20 through hole Id do not accord with each other, the through hole Id is 
blocked by a side face 2b and the bolt B cannot be inserted. When 
the bolt B cannot be inserted, the pinion shaft 2 is moved in the axial 
direction in a suitable manner so as to make positions of the 
depressed portion 2d and through hole Id accord with each other 

25 before inserting the bolt B again. Japanese Patent Application 



Laid-Open No. 2000-310232 discloses such a yoke-and-shaft 
coupling structure. 

As described above, when the inserted pinion shaft 2 is not 
arranged at a set position, it is basically possible to prevent poor 
coupling of a pinion shaft 2 since the fact that the pinion shaft 2 is 
not arranged at a set position can be judged on the basis of the fact 
that the bolt B cannot be inserted. However, when only an end 
portion of the bolt-width portion 2a of the pinion shaft 2 is inserted 
into the shaft coupling portion la of the yoke 1 without reaching the 
through hole Id as shown in FIG. 2, the bolt B can be inserted into 
the through hole Id. Furthermore, since the bolt-width potion 2a is 
tentatively supported in the shaft coupling portion la even in this 
state, the pinion shaft 2 does not fall off immediately. As a result, 
there arises a problem that it is impossible to prevent all poor 
positioning of the pinion shaft 2 only on the basis of whether the bolt 
B can be inserted or not. 

Moreover, when the width of the inner space of the shaft 
coupling portion la is larger than the thickness of the bolt- width 
portion 2a, the bolt-width portion 2a arranged inside the shaft 
coupling portion la sometimes leans around the center thereof. 
When the bolt-width portion 2a leans, the depressed portion 2d of 
the bolt-width portion 2a also leans with respect to the through hole 
Id. In this state wherein the bolt B cannot be inserted even when 
the position of the depressed portion 2d in the axial direction accords 
with that of the through hole Id, there arises another problem that 



an error may occur in judging whether the pinion shaft 2 is at a set 
position or not. 



BRIEF SUMMARY OF THE INVENTION 
The present invention has been made with the aim of solving 
the above problems, and it is an object thereof to provide a 
yoke-and-shaft coupling structure wherein insertion of a shaft into a 
yoke is prohibited in any position other than a set position, so as to 
prevent making poor coupling. 

Another object of the present invention is to provide a 
yoke-and-shaft coupling structure wherein the shaft is prevented 
from leaning and coupling can be easily performed. 

In a yoke and-shaft coupling structure according to the 
present invention, a shaft is coupled to the inside of a shaft coupling 
portion which is provided at a yoke and has a U-shaped end face. 
The shaft coupling portion comprises a projecting portion or a 
recessed portion to be used for positioning the shaft in the axial 
direction. The shaft is inserted into the inside of the shaft coupling 
portion through a U-shaped opening portion, and comprises a groove 
portion to which the projecting portion is to be inserted or a salient 
portion to be inserted into the recessed portion when the shaft is 
inserted into the inside of the shaft coupling portion. 

In the present invention wherein a projecting portion or a 
recessed portion is provided at the shaft coupling portion of the yoke 
and a groove portion or a salient portion is provided at the shaft, the 



position of the shaft to be inserted into the shaft coupling portion 
with respect to the shaft coupling potion can be fixed by inserting 
the projecting portion into the groove portion or by inserting the 
salient portion into the recessed portion. In other words, when the 
shaft is inserted at an improper position significantly away from a 
set position with respect to the shaft coupling portion, insertion of 
the projecting portion into the groove portion or insertion of the 
salient portion into the recessed portion is prohibited, and thereby 
the shaft coupling portion and the shaft hit against each other and 
insertion of the shaft itself is prohibited. Consequently, the 
problem of poor coupling between the yoke and the shaft can be 
solved reliably with simple structure. 

It should be noted that it is preferable, with a view to making 
insertion operation of the shaft easy, to form the groove portion to 
have width somewhat larger than the thickness of the projecting 
portion. In such a measure relation, the shaft is positioned not in a 
pinpoint manner but positioned in a set portion covering a given 
area including a set position. However, this does not cause any 
problem since whether the shaft is at a set position or not can be 
judged finally with other means, e.g., on the basis of whether the 
bolt can be inserted or not. Moreover, similarly to the measure 
relation between the groove portion and the projecting portion, it is 
preferable to form the recessed portion to have width somewhat 
larger than the thickness of the salient portion. 

In another yoke-and shaft coupling structure according to the 
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present invention, a shaft is coupled to the inside of a shaft coupling 
portion which is provided at a yoke and has a U-shaped end face. A 
covering member for covering the shaft coupling portion is attached 
to the yoke, and the covering member comprises a salient tongue, 
5 which projects inwardly from the periphery of the end face of the 
shaft coupling portion, to be used for positioning the shaft. The 
shaft is inserted into the inside of the shaft coupling portion through 
a U-shaped opening portion, and comprises a groove portion to 
which the salient tongue is to be inserted when the shaft is inserted 

10 into the inside of the shaft coupling portion. 

In the present invention wherein a salient tongue is provided 
at the covering member attached to the shaft coupling portion, the 
position of a shaft to be inserted can be fixed by inserting the salient 
tongue into the groove portion formed on the shaft. Consequently, 

15 the problem of poor coupling between the yoke and the shaft due to 
insertion of the shaft at an improper position can be solved without 
especially modifying the yoke itself. It should be noted that it is 
preferable to make insertion operation of the shaft easy by setting 
the width of the groove portion somewhat larger than the thickness 

20 of the salient tongue, similarly to the structure mentioned above. 

Moreover, it is preferable to form the covering member with 
elastic material such as spring steel or synthetic resin, with a view 
to making attachment operation of the covering member to the shaft 
coupling portion easy and ensuring easy disconnection operation for 

25 disconnecting the yoke and the shaft which have been connected to 
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each other. 

For example, there may be such a case that the yoke and the 
shaft which have been connected to each other need to be 
disconnected owing to malfunction, adjustment or the like, and the 
5 shaft is sometimes pulled out of the yoke in the axial direction in 
such disconnection operation. In such a case, the salient tongue is 
inserted into and engaged with the groove portion and may prevent 
the pulling out of the shaft. However, when the salient tongue is an 
elastic member, the salient tongue can be elastically deformed and 

10 come off the groove portion while the shaft is being pulled out, and 
the shaft can be easily pulled out. Moreover, since the elastic 
salient tongue naturally returns to the former state thereof after the 
shaft is pulled out, assembling operation can be easily performed for 
making connection again. 

15 In the yoke-and-shaft coupling structure according to the 

present invention, the covering member may further comprise a 
press tongue for pressing the shaft inserted into the inside of the 
shaft coupling portion in the shaft insertion direction. 

In the present invention, if a press tongue is provided at the 

20 covering member, the shaft inserted into the shaft coupling portion 
is pressed in the insertion direction by the press tongue. As a 
result, it is possible to prevent leaning of the shaft positioned inside 
the shaft coupling portion with the press tongue, maintain normal 
orientation of the shaft and realize preferable connection operation 

25 between the shaft and the yoke. 
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The above and further objects and features of the invention 
will more fully be apparent from the following detailed description 
with accompanying drawings. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE 

DRAWINGS 

FIG. lAis a perspective view of a state where a conventional 
yoke and a conventional pinion shaft are coupled to each other; 

FIG. IB is a schematic sectional view illustrating a 
conventional coupling structure of a yoke and a pinion shaft; 

FIG. 2 is a schematic sectional view showing a problem which 
may occur in a conventional structure; 

FIG. 3 is a perspective view of a state where a yoke and a 
pinion shaft according to an embodiment of the present invention 
are coupled to each other; 

FIG. 4 is a perspective view of a covering member; 

FIG. 5Ais a schematic plan view illustrating a coupling 
structure of a yoke and a pinion shaft; 

FIG. 5B is a section view along the line A-A in FIG. 5A; 

FIG. 6 is a schematic plan view showing a state where a 
pinion shaft is pulled out of a yoke; 

FIG. 7Ais a schematic plan view illustrating a yoke and a 
pinion shaft of a modified example; and 

FIG. 7B is a schematic plan view illustrating a yoke and a 
pinion shaft of another modified example. 
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DETAILED DESCRIPTION OF THE INVENTION 
The following description will explain the present invention 
with reference to the drawings illustrating embodiments thereof. 
5 FIG. 3 shows a yoke-and-shaft coupling structure according 

to an embodiment of the present invention. This embodiment is 
applied to a case where a yoke 10 is coupled to a pinion shaft 12. 
The yoke 10 is provided with a shaft coupling portion 10a to which a 
covering member 13 is attached and which has a U-shaped end face 
10 10k, and the yoke 10 is constructed so that the pinion shaft 12 is 
inserted into and coupled to the shaft coupling portion 10a. 

The yoke 10 is a metal member having a required rigidity, 
and is formed so that a fork portion lOf is continuous with the shaft 
coupling portion 10a. Through holes lOd and lOe are formed 
15 respectively at wall portions 10b and 10c of the shaft coupling 

portion 10a opposing each other. Moreover, rectangular recessed 
portions lOh are formed respectively at positions of inner faces lOi 
and lOj of the wall portions 10b and 10c. The positions oppose 
press tongues 13d of the covering member 13, which will be 
20 described later. 

As shown in FIG. 4, the covering member 13 is formed by 
bending an elastic plate member such as spring steel into U-shape 
similar to the outer periphery of the shaft coupling portion 10a. 
Moreover, the covering member 13 has bolt holes 13e and 13f formed 
25 at positions of peripheral wall portions 13a and 13b, which positions 
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correspond to the through holes lOd and lOe of the shaft coupling 
portion 10a when the covering member 13 is attached to the shaft 
coupling portion 10a. 

Furthermore, horizontal portions 13g and 13h are formed 
5 continuously with the upper ends of the respective peripheral wall 
portions 13a and 13b, and the press tongues 13d respectively project 
downward to form a fork shape from end portions of the respective 
horizontal portions 13g and 13h. It should be noted that each press 
tongue 13d has an end portion crooked slightly inwardly and is long 

10 enough to make an end thereof come into contact with the pinion 
shaft 12 arranged inside the shaft coupling portion 10a. 

Moreover, the covering member 13 has an Lrshaped salient 
tongue 13c which projects from an edge portion 13i of one peripheral 
wall portion 13a. The salient tongue 13c is formed so as to project 

15 inwardly from the periphery around the end face 10k of the shaft 
coupling portion 10a when the covering member 13 is attached to 
the shaft coupling portion 10a of the yoke 10 as shown in FIG. 3. It 
should be noted that the salient tongue 13c has projection measure 
such that an end thereof projects inwardly from the inner face lOi of 

20 one wall portion 10b of the shaft coupling potion 10a as shown in 
FIG. 5A. 

On the other hand, the pinion shaft 12 shown in FIG. 3 is a 
round bar having an end portion provided with a pinion gear (not 
illustrated in figures) and the other end portion, which is illustrated 
25 in the figure, configured as a bolt-width portion 12a comprising side 
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faces 12b parallel to each other. The bolt-width portion 12a has a 
top face 12c which is composed of inclined planes and has an axial 
center 12e formed as a linear apex. In other words, the bolt-width 
portion 12a has a top face 12c which is composed of two inclined 
5 planes being inclined with respect to a plane which is parallel to the 
axis of the pinion shaft 12 and is perpendicular to the side faces 12b, 
and these inclined planes are joined to each other at an axial center 
12e of the top face 12c. Moreover, a semicircular depressed portion 
12d is formed at the top face 12c so that the depressed portion 12d 

10 communicates with the through holes lOd and lOe of the shaft 

coupling portion 10a when the pinion shaft 12 is arranged at a set 
position of the shaft coupling portion 10a of the yoke 10. 

Formed at one side face 12b of the bolt- width portion 12a of 
the pinion shaft 12 is a groove portion 12f formed in the same 

15 direction as the insertion direction of the pinion shaft 12. As shown 
in FIG. 5A, the groove portion 12f has a width W extending laterally 
in the figure, which is the axial direction, with a center at a position 
which opposes the salient tongue 13c when the bolt-width portion 
12a is arranged at a set position of the shaft coupling portion 10a. 

20 The width W is sufficiently larger than the thickness T of the salient 
tongue 13c, and is six times as large as the thickness T of the salient 
tongue 13c in this embodiment. The groove portion 12f is deep 
enough to prevent an end of the salient tongue 13c from hitting 
against the groove portion 12f when the salient tongue 13c is 

25 positioned in the groove. 
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The following description will explain processes for coupling 
the pinion shaft 12 to the yoke 10. 

First, as shown in FIG. 3, the bolt-width portion 12a is 
inserted in a direction indicated by the white arrow in the figure, 
5 through an opening portion lOg at the upper portion of the shaft 
coupling portion 10a. When the bolt-width portion 12a is inserted 
in a set portion of the shaft coupling portion 10a, the salient tongue 
13c is inserted into the groove portion 12f, so that the bolt- width 
portion 12a can be smoothly inserted into the inside of the shaft 

10 coupling portion 10a while preventing the salient tongue 13c from 
hitting against the pinion shaft 12. 

On the other hand, when the bolt- width portion 12a is 
inserted at a position outside the set portion of the shaft coupling 
portion 10a, the bottom face of the bolt- width portion 12a hits 

15 against the salient tongue 13c and insertion of the pinion shaft 12 is 
prevented. Even when an attempt is given to insert the pinion 
shaft 12 with only an end of the bolt-width portion 12a being 
inserted through the opening portion lOg of the shaft coupling 
portion 10a as shown in FIG. 2, the bolt-width portion 12a and the 

20 salient tongue 13c hit against each other and the yoke 10 and the 
pinion shaft 12 are prevented from coupling to each other in the 
positional relation shown in FIG. 2. 

Moreover, since the groove portion 12f has a width W 
sufficiently larger than the thickness T of the salient tongue 13c, the 

25 bolt-width portion 12a can be inserted into the shaft coupling 
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portion 10a by adjusting the bolt-width portion 12a roughly into a 
set position, not strictly. Consequently, even when insertion in 
improper positional relation is prevented as described above, an 
insertion operation can be easily performed without paying special 
5 attention to the insertion position. 

It should be noted that, when the bolt-width portion 12a is 
inserted into the inside of the shaft coupling portion 10a, the side 
faces 12b of the bolt- width portion 12a come into contact with four 
press tongues 13d of the covering member 13 and press the press 

10 tongues 13d outwardly. Being pressed, the press tongues 13d 

which are made of elastic material are pressed into the rectangular 
recessed portions lOh respectively provided at the wall portions 10b 
and 10c, so as not to prevent insertion of the bolt-width portion 12a. 
When the bolt-width portion 12a is completely inserted into 

15 the inside of the shaft coupling portion 10a, the press tongues 13d 
are released from contact with the side faces 12b and come off the 
rectangular recessed portions lOh. After the insertion, the 
bolt-width portion 12a is moved in the axial direction and the 
position thereof is adjusted so that the depressed portion 12d of the 

20 bolt-width portion 12a linearly communicates with the through 
holes lOd and lOe of the shaft coupling portion 10a. 

It should be noted that, during such positional adjustment, 
the four press tongues 13d press the top face 12c of the inserted 
bolt-width portion 12a, and temporally hold the pinion shaft 12 as 

25 shown in FIGS. 5A and 5B. Consequently, it is possible to prevent 



14 

the pinion shaft 12 from falling off the yoke 10 until the bolt B is 
tightened. Moreover, by pressing the top face 12c composed of 
inclined planes with the press tongues 13d at both sides, the 
orientation of the pinion shaft 12 is restricted so that the pinion 
5 shaft 12 stands erect and the axial centers of the depressed portion 
12d and of the through holes lOd and lOe do not deviate from each 
other. 

After the alignment of the semicircular depressed portion 12d 
and the through holes lOd and lOe through the above-described 

10 adjustment, the bolt B is inserted from one bolt hole 13e and one 

through hole lOd as shown in FIG. 3 and a nut N is tightened on one 
end of the bolt B, so as to form the coupling structure of the yoke 10 
and the pinion shaft 12 as shown in FIGS. 5Aand 5B. 

For disconnecting the yoke 10 and the pinion shaft 12 which 

15 are connected in case of malfunction or adjustment of each portion, 
as shown in FIG. 6, the nut N is loosened, the bolt B is pulled out, 
and the pinion shaft 12 is pulled in the direction indicated by the 
white arrow in the figure, out of the yoke 10. 

During pulling out the pinion shaft 12, although the salient 

20 tongue 13c comes into contact and engages with an end of the groove 
portion 12f, and the salient tongue 13c is elastically deformed in the 
direction indicated by the black arrow in the figure and comes off the 
groove portion 12f when the pinion shaft 12 is further moved. 
When the salient tongue 13c comes off in such a manner, the pinion 

25 shaft 12 is released from restriction against movement in the axial 
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direction and it becomes possible to pull the pinion shaft 12 out of 
the yoke 10. When the pinion shaft 12 is pulled out, the elastic 
salient tongue 13c returns to the former state thereof and is ready to 
be coupled again to the pinion shaft 12 having the same structure as 
5 that described above. 

It should be noted that the coupling structure according to 
the present invention is applicable to other portions, where a 
universal joint is used, of a vehicle steering apparatus, and is 
applicable to a portion where a lower shaft of a steering wheel is 

10 coupled to a yoke, for example. Moreover, various kinds of modified 
examples other than the above embodiment are possible as a 
yoke-and-shaft coupling structure of this invention. 

For example, in the structure shown in FIG. 7A, no covering 
member is attached to a yoke 20 and a projecting portion 20p for 

15 positioning a pinion shaft 22 in the axial direction is provided on one 
wall portion 20b of a shaft coupling portion 20a so as to project 
inwardly from an inner face 20i. Moreover, provided at a bolt-width 
portion 22a of the pinion shaft 22 is a groove portion 22f having a 
width sufficiently large with respect to the projecting portion 20p. 

20 When such a pinion shaft 22 is inserted into the shaft 

coupling portion 20a through an opening portion 20g, the projecting 
portion 20p prevents insertion at an improper position and the 
projecting portion 20p is inserted into the groove portion 22f. As a 
result, the insertion of the pinion shaft 22 in a set portion can be 

25 ensured with simple structure. 



16 

Furthermore, as shown in FIG. 7B, a yoke 30 has a recessed 
portion 30q formed on an inner face 30i of one wall portion 30b of the 
shaft coupling portion 30a, and a salient portion 32g formed at a 
bolt-width portion 32a of a pinion shaft 32. It should be noted that 
5 the width of the recessed portion 30q is sufficiently larger than the 
thickness of the salient portion 32g. 

When such a pinion shaft 32 is inserted into a shaft coupling 
portion 30a through an opening portion 30g, the salient portion 32 g 
prevents insertion at an improper position and the salient portion 

10 32g is inserted into the recessed portion 30q. As a result, the 

insertion of the pinion shaft 32 in a set portion can be ensured. It 
should be noted that, when the coupling of the coupling structure 
shown in FIGS. 7A and 7B is released, the pinion shaft 22 or 32 is 
taken out of the shaft coupling portion 20a or 30a through the 

15 opening portion 20g or 30g since the projecting portion 20p and the 
salient portion 32g cannot be elastically deformed. 

Although four press tongues 13d are provided on the covering 
member 13 (two on each side) in the above embodiment, it is also 
possible to provide only two press tongues 13d at one side. 

20 As this invention may be embodied in several forms without 

departing from the spirit of essential characteristics thereof, the 
present embodiments are therefore illustrative and not restrictive, 
since the scope of the invention is defined by the appended claims 
rather than by the description preceding them, and all changes that 

25 fall within metes and bounds of the claims, or equivalence of such 
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metes and bounds thereof are therefore intended to be embraced by 
the claims. 



